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INTRCXXXTnCN 


Leed  is  a soft  insoluble  heavy  metal  that  oocuxs  naturedly  in  air, 
soils,  water  cuid  biologicaLL  tissue.  Among  the  naturzd  sources  of  lead 
in  the  atmo^ihexe  are  silicate  dusts,  volcanic  anoke  and  anoke  from 
forest  fires  (10) . The  ocnbustion  of  fossil  fuels  contributes  e^jproxi- 
nately  4 percent  of  atmospheric  lead  (4) . Uie  United  States  is  the 
major  lead  consuming  country  in  the  world  with  automobile  man\ifacturing 
ocnprising  the  largest  industrial  use  of  lead.  Use  of  lead  in  gasoline 
antiknock  additives  is  second  and  accounts  for  21  percent  of  ed.1  lead 
used  in  the  United  States  (13) . 

It  is  genercilly  accepted  that  the  world's  mean  soil  concentration 
of  lead  is  16  parts  per  million  (pixn)  (4) . Cannon  and  Swansc»i  (3) 
indicated  that  20  ppm  was  the  mean  lead  level  for  soils  in  the  United 
States.  Berry  et  al.  (2)  reported  that,  in  genered,  lead  levels  in  rural 
cireas  ranged  from  10-15  ppm  while  levels  in  urban  and  industrial  areeis 
ranged  from  17  to  12,000  ppm.  Seeley  ^ (11)  found  that  in  studies 

of  soil  profiles,  lead  levels  were  greatest  in  surface  increments  with 
decreeising  concentrations  at  lower  increments.  Arvik  ^ al.  (1) 
suggested  that  lead  may  form  an  insoluble  oonplex  in  soils,  thus 
restricting  its  movement  in  a soil  profile. 

Although  lead  is  not  considered  an  essential  trace  element  in  plants, 
significant  concentrations  have  been  reported  in  plants  from  urban  areas 
(5) , along  highways  (8) , and  near  smelters  and  foundries  (6) . Motto 
et  al.  (9)  reported  lead  levels  in  plant  tissue  of  5-10  ppm  for  rural 
areas,  while  Goodnan  and  Roberts  (6)  repented  levels  of  45-500  ppm  in 
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vegetation  growing  near  a smelter  operation.  Ter  Harr  (12)  concluded 
that  translocation  of  lead  occurred  in  both  leaves  and  roots;  however, 
the  root  was  the  major  organ  for  xiptake  and  storage  of  lecKl.  Thus, 
lead  burden  in  vegetative  tissues  should  be  determined  by  examination 
of  the  entire  plant,  i.e.,  roots,  stems  and  foliage.  Factors  that 
influenced  lead  i:ptake  in  plants  included  soil  pH,  organic  natter,  soil 
moisture  and  clinatic  effects  (7) . Moreover,  Ter  Haux  (12)  found  that 
a genetic  conponent  may  also  exist  in  plants  vAiich  may  inflxience 
aiffinity  for  lead. 

Althou^  there  is  abundant  literature  on  enviromentad.  levels  of 
lead  generatud  from  many  urban  and  industrial  activities,  no  data  are 
apparently  available  on  levels  of  lead  in  and  around  military  or 
ooninercial  airports.  The  Air  Installation  Corpatible  Use  Zone,  AICUZ, 
is  a oonc^t  designed  to  provide  edr  bases  emd  airports  with  environ- 
mental inpact  zoning  districts.  These  zones  encompass  cu?eas  of  signifi- 
cant accident  potential  and  noise  inpact.  However,  data  eue  needed  to 
extend  the  ccnicept  to  include  determinations  of  enviromented.  quality 
on  and  around  eiir  installations.  Many  airports,  e.g.,  Peterson  AEB, 
Coloraido  Springs,  Colorado,  have  a Icnxg  history  of  continuous  use  by 
both  reciprocating  and  jet  adrcraft,  yet  no  data  are  available  as  to 
the  concentrations  of  le£ui  generated  aircraft  engines.  Nevertheless, 
the  flight  approach  paths  to  nany  airports,  including  those  at  Peterson 
ATO,  are  routinely  used  for  cigricultural  activities.  Concentrations  of 
lead  in  vegetation  and  soils  are  not  known  in  these  envircnnents.  As 
more  stringent  enviromental  qualities  and  standards  are  applied  by 
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the  Envirorinental  Protection  Agency,  it  beocnes  essentied  that  the  Air 
Force  develop  mraiitoring  programs  to  measure  levels  of  envirorinental 
pollutants  auxxmd  edr  installaticws. 


1 


MBIHCC16  AND  MATERIALS 

Sanpling  Dates 

Soils  arid  vegetation  were  cxsllected  from  the  USAF  Acadeniir  and 
Peterson  AFB  cdrports  in  May  and  August  1976,  respectively.  Control 
samples  were  collect^  near  the  southwest  comer  (v^jper  Horse  Pasture, 
Pine  Valley)  of  the  Air  Force  Acadeny  in  i^ril  1976. 

Sanpling  Protoool 

2 

Using  a square- foot  quadrat,  five  0.093  m sites  were  randonly 
selected  within  each  of  the  10  designated  stutfy  cireas  (1  control,  4 USAF 
Academy  and  5 Peterson  AFB  stxx3y  areas) . Figure  1 illustrates  the  use 
of  a square-foot  quadrat.  All  vegetation  within  the  quadrat  was 
removed  by  clipping  at  the  surface  level  and  placed  in  a paper  bag. 

For  each  study  area,  greisses,  broad  leaves,  and  shrubs  (for  five 
qviadrats)  were  placed  in  separate  Isags.  Soil  samples  for  each  of  the 
five  quadrats  were  ta)cen  following  the  removal  of  the  vegetation  and 
also  placed  in  paper  bags.  The  soil  samples  were  collected,  using  a 
poroelciin  spatula,  in  3 an  increments  to  a d^th  of  either  6 cm  (USAF 
Academy  and  control)  or  9 an  (Peterscxi  ATB) . Soil  samples  were  oon- 
bined  by  depth  and  thoroughly  mixed  for  eaudi  study  area. 

Preparation  and  Anedysis  of  Samples 

All  samples  were  dried  in  a laboratory  oven  at  50*C  for  2 weeJcs, 
after  which  the  vegetative  samples  were  ground  in  a Wiley  Mill  bo  pass 
a 40-nesh  screen.  One  gm  samples  of  vegetation  amd  5 gm  samples  of 
soil  were  weighed  on  an  analytical  balance  to  the  nearest  0.001 
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added  to  each  fla^.  Ihe  flasks  vdere  cxTvexed  with  two  l5tyer8  of  para- 
fiLn  and  placed  in  a water  bath  at  50°C  for  1 we^.  The  sanples  were 
shaken  frequently  each  day  to  assure  ocnplete  mixing  eu>d  dissolution. 
The  sanples  were  allowed  to  cool  to  roan  tenperature  and  filtered 
throu^  a Whatman  Nuntjer  541  filter  paper.  The  fleisks  and  filter 
^paratus  were  washed  with  glass  distilled  vater  and  the  washings  added 
to  the  filtrate.  The  sanples  were  stored  in  pletstic  bottles  at  room 


tenperature  until  analyzed  by  atonic  absorptioi  spectroscopy. 

All  sanples  were  analyzed  using  a Perkin  Elmer  Atonic  Absorption 


Hollow  Cathode  Lead  Lanp 


Ancilyticed.  standards  were  prepared  by  first  dissolving  0.1598  gm 
of  hi^  purity  lead  nitrate  in  20  ml  to  100  ml  glass  distilled  water. 
This  resulted  in  a stock  solution  of  1000  yg/tal.  Dilutions  of  the  stock 
solutioi  were  pr^)ared  to  make  anedysis  sanples  of  1,  3,  5,  7,  10,  12, 

15  and  20  U9MI-.  The  Beer's  Law  plot  of  these  solutions  is  shewn  in 
Figure  2.  Each  of  the  test  sanples  were  run  severad  times  with  the 
standard  solutions  auid  the  average  results  recorded. 


Absorption  Units 


RESULTS  AND  DISCUSSION 


Ocnparisons  of  aircraft  use,  i.e.,  the  nurber  of  individuad  aircraft 
operations  or  sorties,  for  Peterson  AEB  and  the  USAP  Acadeny  eurports, 
cire  shown  in  Tables  1 and  2,  respectively.  The  nurber  of  5iircraft 
operations  at  Peterson  AES  also  include  those  for  the  Colorado  Springs 
Manicipal  Airport  since  they  share  the  same  runways.  Althou^  tlie 
Peterson  AEB  airport  has  had  almost  ei^t  times  more  monthly  missions 
than  the  Air  Fbrce  Acaden^,  a significant  nurber  of  those  c^ierations 
probably  involved  jet  aircraft  that  used  non-lead  oonteiining  fuel.  All 
of  the  aircraft  at  the  Air  Force  Acadeny  used  100  oct£ine  lew  leeui  fuel. 

Figure  3 shows  a portion  of  the  airfield  at  Peterson  AES.  Figures 
4 and  5 show  typical  vegetation  adjacent  to  the  concrete  and/or  paved 
runways  and  taxiways  at  Peterson  AFB  and  the  Air  Force  Acadeny, 
respectively.  In  general,  8 different  greisses,  19  herbs  (broadleaves) 
and  2 shrubs  dominated  the  vegetation  at  either  airport  or  in  the  control 
cuea.  The  dominant  grasses  included  blue  grama  (Boutelova  gracilis) , 
crested  vheatgrass  (Agropyron  cristatun) , needle-and-thread  grass 
(Stipa  comata) , and  sand  dre^seed  (Sporcbolis  crytandrus) . The  dominant 
herbs  or  broadleaves  included  fireweed  or  kochia  (Kbchia  sooparia) , 
hairy  golden  aster  (Chrysopsis  villosa) , Russian  thistle  (Salsola  kali) , 
sunflower  (Helicuithus  annuus) , and  western  ragweed  (Aitfarosia  psilostachya) . 
The  two  shrubs  ocninon  to  all  stixSy  areas  were  fringed  sagebrush 
(Artemisia  frigida)  and  green  sagebru^  (Artemisia  canadensis) . 

Levels  of  lead,  ppm,  for  soil  emd  vegetation  from  all  sites  for 
each  study  area  are  shown  in  Tables  3 and  4.  It  should  be  noted  that 


TABLE  1.  NUMBER  OF  JOINT  AIRCRAFT  OPERATIONS  AT  PETERSCN  AFB 
AND  COLORADO  SPRINGS  MUNICIPAL  AIRPORT  FOR  1973* 


NUMBER  OF 

AVERAGE 

type 

OPERATIONS 

PER  M3NTH 

Air  Carrier  Operations 

20,746 

1,728  , 

General  Aviation  Operations 

101,663 

8,472  5 

Military  Operations 

86,751 

7,230  i 

Total 

209,160 

17,430 

♦Source;  "Environmental  Inpact  Assessnent  Report  for 
Hie  Proposed  Master  Plan  Development  at  Colorado 
Springs  Municipeil  Airport,  Colorado  Springs,  Colorado," 
October  1974,  Prepared  by  I^ill  Associates,  Inc., 
Airport  Consultants  and  Engineers,  Stapleton  Inter- 
national Airport,  Denver,  CO  80207 


TABtE  2.  NUMBER  OF  MILITAPY  (TRAINING)  OPERATIONS 
AT  raE  USAF  ACADEMY  A1RPC»T  FOR  1976* 


NUMBER  OF  AVERAfS! 

TRAINING  PR0f3?AM  AIRCRAFT  OPERATIONS  PER  MJWIH 


Pilot  Indoctrination 

T-41 

13,000 

1,083 

Soaring 

Piper 
Super  Cub 

13,500 

1,125 

Parachute  Free  Fall 

U-4 

1,780 

148 

1 

4 

Total 

28,280 

2,356 

♦Source;  Airmanship  Division,  USAF  Academy,  CO  80840 
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FIGURE  4.  TYPICAL  VEOTEATiaN  AWACENr  TO  THE  AIR  FORCE  ACADEMY 
AIRPORT.  VEGETATIVE  COIPOSITICIN  INCLUraS  BLUE  GRAMA,  CRESTED 
WHEATOy^,  SAND  EWOPSEED,  FRIN(23D  SAGEBRUSH,  AND  HAIRY 
OOUDEN  ASTER. 
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all  vedues  r^resented  the  mean  of  di:plicate  or  triplicate  analyses  of 
each  sairple. 

Soils  fron  the  control  and  Air  Force  Acadeny  stucty  areas  generally 
caitained  more  lead  in  the  lower  increment  (3-6  cm)  than  in  the  surface 
increment  (0-3  an) . This,  hcwever,  was  not  true  of  the  soil  sanples 
collected  at  Peterson  AFB;  the  greatest  ooncentrations  of  lead  were 
found  in  the  surface  increment. 

Fran  Table  3,  for  the  Air  Force  Acadeny,  there  was  no  appctrent 
correlation  of  lead  levels  in  soil  with  the  age  of  the  runway.  Although 
the  new  runway  was  constructed  in  1974,  sanples  collected  near  it  had 
lead  levels  ocnparable  to  those  sanples  collected  near  the  old  runway. 

Vegetative  sanples  from  the  same  areeis  were  similetr  but  contcdned 
c^xoximately  twice  the  levels  of  lead  eis  were  found  in  soils. 

In  Table  4,  the  collection  sites  and  soil  level  of  lead  corresponded 
with  the  distance  from  the  flight  line.  Ihe  Spanish  House  Recreationed 
Center  eind  the  baseball  field  were  approximately  one-half  mile  from  the 
flight  line  and  thus  had  the  lowest  concentrations  of  lead.  In 
aKldition,  the  baseball  field  had  recently  received  additional  top  soil. 

The  data  supported  this  field  observation.  The  highest  soil  oonoen- 
tration  of  lead  was  found  between  the  active  rurways.  Hie  concentration 
of  lead  vras  15.5  ppn  in  the  top  3 cm  increment  and  decreeised  only 
sli^tly  with  depth.  This  suggested  that  lead  did  move  in  the  soil 
profile.  Additioial  sanpling  would  be  required  to  determine  the  depth 
eund  magnitude  of  this  movement. 

In  general,  the  vegetation  at  Peterson  AFB  airport.  Table  4,  j 

( ! 


14 


r 


aocixnulated  greater  levels  of  lead  than  were  present  in  the  soils. 

*0)8  one  exo^jticxi  to  this  was  sanples  ooUected  at  the  south  end  of  the 
northwest-southeast  runway  (site  E-5) . iMs  area  had  been  recently 
reseeded.  Whether  or  not  this  influenced  the  lead  concentrations  in 
the  plants  wzis  not  determined. 

In  ccxKilusionr  the  data  indicated  that  lead  has  euTcmulated  in 
soils  and  plants  adjacent  to  the  airports  at  Peterson  AEB  and  USAF 
Acaden^.  'Rie  magnitude  of  this  aociinulation,  however,  is  within  the 
range  found  in  soils  and  vegetation  along  hi^B«ays  euid  neau:  industrial 
sites.  Ihe  data  sv^iport  oc^tinued  studies  of  the  reflective  adxports. 


and  especially  stxKlies  of  indigenous  herbivores  for  possible  lead  | 

accixnulation.  i 
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